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Normally, the receiver only uses the 100-baud-section to achieve a fast
synchronization. The 200-baud-section supplies additional information
about the channel quality: if it is received correctly, the first CS will
be CS4, otherwise CSl is sent. After in turn having synchronized a CS4 or
CS1, the master will continue with sending normal data packets at 200 or
100 baud, respectively. The first transmitted characters contain the
'system level number' (PACTOR software-version), followed by the master
address (callsign).

5. Changing the transmission direction

Similar to AMTOR, the receiving station (RX) can change the transmission
direction whenever it has received a valid packet. For this purpose a
special changeover-packet is transmitted, starting at the CS time frame.
The transaitting· station (TX) will switch to RX .ade iamediately after',·it­
has received the CS3 which forms the first section of the changeover­
packet. It then reads in the rest of that packet and transmits a CS (CSl
and CS3 - acknowledge, CS2 - reject) timed at the last three bytes of the
fo~er packet frame. To force a break in, the TX sets the BK-status-bit
(this corresponds to AMTOR '+ 1').

6. Speedchange

Speeddown only being useful in poor conditions or at low data input rates
..--t'e-;.-q7'"lD.a1lua1: typlngt;-·"botlr'cU-rections·-arrtreated""'bnlJymmetrieally .--------------..------~

i) Speeddown

The RX may request speeddown after any incorrectly received packet by
sending CS4, which imaediately forces the TX to build up 100-baud-packets
(any unconfirmed 200 baud information is repeated at low speed).

ii) SpeedUp

Any valid packet iaay--be- confirmed with CS4, forcing a TX speedUp. In -ease
the following hiqh-speed-packet is not acknowledged after a number of
trie., the TX will autoaatically perform a speeddown.
(For more details, refer to 'PT-Handbook' by WAA Research Group).

7. Termination of a PACTOR contact

euttinq an ARQ link inevitably leads to the problem that information has
to be tranallitted.vit;houtfinal acJmowled.CJ_nt (SecendWAAtheore.).,--PT·_·
applies special QRTpackets, proViding an expensive but rather effective
solution. These packets contain an active QRT status bit and he RX
address in byte-reverse order (low speed pattern). If this address. is
found "uri,IlCJ ~. standby synchronization procedure, theRX responds, with a
sinqle.tr:.u._j,••ien,ofthe finales (The tiainq relations before .tby are
storecl)~-"fti8:"'tIl0dwill alway. guarantee .. vell....efined QRT.



EXHIBIT.A

8. Data Compression

May 29, 1993 Page 1-4

Character frequency analysis of typical english or german texts shows
that the average amount of information per character does not exceed 4
bits. For that reason, ASCII text transmissions often carry a redundancy
of 50%, which could be avoided by using a vriable length code matched to
the character distribution. The most popular example of such a code is the
Morse code; PACTOR data compression mode applies Huffman coding with
nearly optimum efficiency, yielding up to 100% speed gain. Every packet
contains a compressed data string; character code lengths vary from 2 to
15 bits.

9. Memory ARQ

In conventional ARQ systems the TX has to repeat a packet until it has
been received completely error-free. It is evident that the probability of
receivinq a complete packet dramatically decreases with lower SIN ratio.
The only way to maintain the contact in that case is to shorten packet
lenqtn and/or to apply error correctlnq codes which in turn will greatly
reduce maximum traffic' speed when conditions are good.
The method chosen by WAA Research Group is to sum up corresponding bit
samples of subsequent packets and to test if the mean value (reduced to a
O/l-decision) passes the CRC. To keep quantizing errors small, the samples
are taken from the "SK-de~ul,ator low-pass-filter output-by__ means of an,,·-__..···_..
a-bit AD-converter. Assuaing white Gaussian noise, this accumulation
method - also known as 'aeaery ARQ'- will obviously converge even at a
low SIN ratio. Furthermore, since shift levels are toggled with every
transmission, constant interfering signals within the receiver passband
will not affect the reSUlting mean value. To prevent accumulation of old
request packets, the header is inverted with every new information packet,
thus serving as a RQ indicator (similarity test).

10. Listen Mode (Monitor)

This mode resembles Packet Radio monitoring: the receiver scans for valid
packets which '-are detected by CRC aatc1l. This!brute .force ' method was
chosen in order to ensue maximum flexibility, although it consumes a
considerable amount of the available CPU capacity.

11. FEC Transmissions

CQ and bulletin transmissions are supported by means of a special non­
protocQl mode. Packets are trans.itted with one or IIOre repetitions; the
CS receive gap is omitted. since the listen mode does not require
synchronization, the transmitting station possesses great freedom of
selecting packet repetition rateand speed.

12. Practical Aspects

Tbe first PACTOR. prDCiJr_"re running en 'breadboarded' Z80 singleboard­
.. ·f<COiput.rif.ooo..'fties.r··early···.xperlaents· let! '1:0' the development of a stand-alone
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'J!ACTOR- co~tr,?ller' with btlilt-in llOdem and tuning-<;\isplay. The conven­
t10nal operat1ng modes BAUDOT and AMTOR were added 1n order to maintain
compatibility and what might be more interesting to allow easy
comparisons. Assuming typical conditions, PACTOR traffic can be expected
to run 4 times faster than over a AMTOR link.

****

de Uli, 1002(fTK)

For further information:

vy 73 'de Armin (DK5FH).
DK5FH at DBOGV. DEU. EU

Dr. Tom Rink
DL2FAK
Roentgenstr. 36
6450 HANAU 1
WEST GERMANY

(THIS FILE SUPPLIED BY DK5FH AND DL2GG WITH THANKS FROM WA2MFY)

27



13"

CLOVER MODEM FOR HFDATA COMMUNICATION

PC~CLOVER is a hardware and software implementation of CLOVER modulation (patent pendinl)' The modem provides
bandwidth~fficient and high data rate transmission of error~rrecteddata in a format that is specifically tailored to meet the
challenges of HF.radio propagation. InARQ modes,. CLOVER modulation format is adaptively.adjusted to maximize.data
throughput.

* HIGH THROUGHPUT AND BANDWIDTH EFFICIENT: Data pulses are amplitude shaped to produce a data signal that
has a~50 dB bandwidth of5oo Hz. Error<orrected data throughput as high as 500bps isavailable'. TheCCIR emissiondesignator
for all CLOVER modes is .. 500HJ2DEN" .

c:.=",,,-=·-=tr.:MODUEAl'ION"FORMATS:-The-foiJi"COOVER'1ODelfuTsenremooulated'U5iiltBPSK-;'QPSIC~o8PSK06PSIC~_iiP to'-"'-'=-'-""-".....
4-level ASK. Modulation modes may be manually or automatically selected via adaptive control (ARQ modes only).

* ERROR-CORRECTION: In addition to checksum protection of each data transmission, CLOVER uses Reed-Solomon
encoding which permits repair of most data errors without requiring a repeat transmission. CLOVER uses a true .. error­
correction" protocol rather than an .. error-detect and repeat" protocol (AMTOR and packet).

* ADAPTIVE TRANSMISSION: In ARQ mode, modulation, block length, and coder efficiency are adaptively chosen to
produce thehighest data throughput that canbe supported by existing ionospheric conditions. A total of128unique combinations
may be selected. CLOVER data throughput varies from 5 characters-per-second (cps) under poor conditions to 80 cps in very
good conditions. Typical HF .. speed" is approximately ten times that of AMTORISITOR or HF packet.

* DATA TRANSMISSION MODES: CLOVER may be used in FEC mode to send data to multiple stations and ARQ mode
for linked adaptive communications between two stations. Monitor mode allows listening by unconnected stations.

* HARDWARE: PC-CLOVER is a plug-in circuit board that can be used in any .. ffiM-eompatible" PC-286 or higher level
PC. PC-CLOVER does not require use of any PC Serial or Parallel 110 port. Convenient rear panel jacks provi,de direct
connection between PC-CLOVER and radio equipment. Split-screen, menu-driven PC. application software is furnirdled with
each PC-CLOVER unit. '1'.'$<;'~}"·.::;~x~,i·. ('l;j<~~..: . <:~";~i:'
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P€I40001PC-CLOVER
SPECIFICATIONS

SIGNAL FORMAT:
Each 32 mSec data frame consilltl of 4 DoIph-ehebychev pulscs
interleaved in time .nd frequency. Each pulac is 32 mScc long and is
dillplaced in timr. from the precccdingpulse by 8 mScc. The first pulse
in a frame is centered atan odd multiple of62.5 Hz and the remaining
3 pulsesarecentered at the next three higherodd multiplesof62.5 Hz,
reapcctively. Each pulse occupies. bandwidth of125 Hz, measured
• t the -60 dB points. The composite -50 dB bandwidth ofa CLOVER
emi.sion is 500 Hz. The crest factor ofCLOVER modulation is 2.0.

MODULATION FORMATS:
All modulation tormall convey data in the differences between phase
and/or amplitude ofsuccessive pulse. at each ofthe 4 pulse frequen­
cies.

BOIV: 4-Pulsc diversity, Binary phasc, 31.25 bits/sec
BPSK: 4-Pulse Binary Phase, 125 bits/sec
QPSK: 4-PuIac Quad fbale, 250 bits/ICC
IPSK: 4-Pulae EiJht Phase, 375 bits/ICC
16PSK: 4-PuIMSixteen fbase, 500bilslsec
8P2A: 4-Pulae EiJht Phue, Two Amplitude, 500 bitslsec:

Similar to 8PSK except thai 8-dB amplitude shifts
alao occur, providina one more bit ofd.ta per pulse.

16P4A: 4-Pulsc Sixteen Phlle, 4 Amplitude, 750 bits/sec:
Similar to 16PSK except that .mplitude shifts to one
offourvalues (4 dB pentep) provide 2 extra bits per
pulse.

ECC FORMATS:
Ree4-SoJomon cod.. OIl OF(20I) arc .-rated and decoded with
..... 'fIIIIIfOra RWlhodI. 11M M._y-Berfebmp Alprithm synthc­
siMI tile fee6ack IhiA ..-,isterwhich corrae"!heerron. Blocksizes
ofl7, 51 ,85, .nd155 bytes with coderatc.of60~,75%, 9O%,.nd
IOO~areuscd.

DATA FORMAT:
CLOvatmodulation isbittranaparcnt. ON llIppIicd via the PC bu.
isdemodulated at tho receivina ution ill olUlCtly the same bit order.
Deta comprcsaion .nd/or encryption may be used in PC-b.sed
.pplicationsoftware.

DATA TRANSMISSION MODES:
FEe mode is used to lend data from one ution to one or more
CLOVER-equippe4 statiOOl. Modulation, block size, andcoder rate
.N Nt ma....lly by the tran.mitting station. Adaptive mode control
it not lWaiiable in FEe mode.

ARQ mode eOftMCII_CLOVER station to .lCCand stalion. Data
flow _y IN in either directioa without the _ of .n • OVER~

c-.d. This is the radio of· WI duplex· and maximizes
...eo. ea. rHioella' __ofdata must flow

' ....~ ...ltaneotMIy. AtIIeMItic adaptive control of
.~...Iation isprovidH ill ARQmo4e.

MOI'CrroIllROde .uow. all)' lIJICOIIMllM4 IIatioR wilh • CLOVER
.............PEe.Ad ARQra4io liltlll. Errorcorrec-
tiIlnia thecapllCityof..RII .-oa.Moder.ndcodo

_. .... ltyth..endi....'Mm(.). A4aI*v.....eh...by tile
............willbe feUowc4 nclolely npouilll.ltythe monitor­
......... IIUl aclaptive reeAKk to the lenditlc lllItioa(.) i. not
lWaiblble itt thia mode.

..--..'._--.....,..!"'•..,,..........-...."'.''''''''.....,................._---
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·." .HAl. COMMUNICATIONS CORP.
. .' 1201W. Kenyon Road

.' .... P.O. Box 365
. Urbana, Illinois 61801-0365

. Phone: (217) 367-7373 FAX (217) 367-1701

MODEM SIGNAL PROCESSING:
05P56001 D5P24-bit processor. 8Kx24 bit RAM; software down­
loaded from host processor.

HOST AND PROTOCOL PROCESSOR:
68ECOOO 16-bit processor, 32Kx16 bit RAM, l6Kxl6 bil ROM;
software downloaded from PC bus .

PC INTERFACE:
l6-bit interface to· PC-AT- bus; AFO data buffers for.1I transmit and
receive data. PC interface may be sct via oplionjumpers to use I/O
Addre.s mapped, poll-select acce••or to use PC I/O Interrupt .ccess.
CLOVER operating software is downloaded via the PC-bu•.

RADIO INTERFACE:
16-bit Sigma-Delta AID converter for received d.ta; dynamic range
exceed.90dB. Audio inpul i. 10K ohms, -60 to + 10dBm (.7mVto
2.8 V nns). 16-bit O/A converter IOnerate.transmit modulation;
Ipurious .ignal••re at least 60 dB below peak output. Audio outpUI
is 600 ohms, .djustable from -40 to 0 dBm (7 mV to .7 V nns). Push­
To-Talk (P1T) relay OUlput <±50V, 100 ma). NPN open"\:ollcctor
SEL-CALoutput (+50V, 100ma). Tuning Indicator output <± I ma).
All rcarpanel connectors.re 114· "stereo~ jacks (M IN, AFOUT,
PIT &SEL-CAL, TUNING).

RADIO REQUIREMENTS:
Radio equipment must be tunable in 10Hz step. and be sufficiently
stable to remain within ±2S Hz ofthe operating frequency while in
communications.

FURNISHED ACCESSORIES:
Three 114· • stereo" plugs and tuning meter with c.ble .nd plug;
Operator'. Manual, HAL PC-CLOVER software diskette.

SOFI'WARE:

HAL PC-CLQVER SOFTWARE: PC compatible softw.re on one
5.15· disketle. Softw.re feature. include Iplit-tcreen, menu-driven
commands, save-to-di.k, send disk files, edil in transmit buffer, set
CLOVER configuration, MYCALL entry .nd storage, HERE IS
programmable messages.

THIRD-PARTY SOFTWARE: All network software .uthors.re
encouraged towrile drivers for PC-CLOVER. A complete command
protocol definition document is av.ilable free ofch• ..,e to interested
authors. Information reg.rdina .vailable • third-p.rty~ software will
be provided to all CLOVER customers.

A wrilleReapy." appiicaWe warrutly _y 1M..... flee of........
upon request. Specil'lCadonuUbjectlOchao,re wiIhout 1IOlic.. - - -----.---


